ABSTRACT We have examined the Raman scattering from erythrocyte ghosts at 2700 to 3000 cm-l (CH-stretching region). Plots of the intensity (I) of the 2930 cm-1 band relative to the intensity of the thermally stable 2850 cm-' band, i.e., the [I2930/I2850] ratio, as a function of temperature reveal a sharp discontinuity, which at pH 7.4 has a lower limit of 380 and is irreversible above 420. [I2930/I25so1 is stable between pH 7.0 and pH 7.4, but increases or decreases sharply below pH 7.0 or above pH 7.5, respectively. Reduction of pH to 6.5 lowers the transition temperature by about 16°, and a shift to pH 6.0 drops the transition range to 0 to 70. The We have used Raman spectroscopy to explore the interfaces between hydrocarbon residues of membrane proteins and lipids. Aqueous dispersions both of biomembrane (10-17) and of phospholipids (18-25) yield well-resolved Raman scattering spectra, whose CH-stretching regions are prominent and undergo marked band modifications at certain, defined temperatures (13, 17, (20) (21) (22) (23) (24) . With pure lipids, the thermotropic discontinuities in Raman scattering can be identified as order >=± disorder transitions of hydrocarbon chains. This is almost certainly true also for the thermally shifted scattering steps of lecithin-melittin complexes (24), and probably for the sharp shift in the spectra of thymocyte plasma membranes at +230 (13) as well as the two separate scattering discontinuities of erythrocyte ghosts, below 00 and at +170 (17). It appears, however, that the protein-lipid interface might give rise to the pH-sensitive, partially reversible thermotropic transition reported by paramagnetic quenching of tryptophan fluorescence in erythrocyte membranes at high physiological temperatures (25).
together, these results suggest that the transitions represent concerted processes, involving hydrophobic amino acid residues and lipid chains at apolar protein-lipid boundaries. In 1967, Changeux et al. (1) presented a model for biomembranes in which ordered arrays of protein-lipid subunits, protomers, form "two-dimensional crystalline lattices." The model focuses on cooperative phase transitions in such systems. It "explicitly assumes that the transition of the protomer is highly cooperative with respect to its constitutive amino acid or phospho-lipid elements," with the unique aspects of membrane cooperativity deriving from state changes involving the "statistical-mechanical ensemble of protomers."
That biomembranes may contain extended, two-dimensional lipid-protein lattices is evident from recent experimentation on hepatic "gap-junctions" (2) and the purple membranes of Halobacterium halobium (3) . That membrane phospholipids can undergo thermally or ionically induced, cooperative phase transitions is also well established (see review in ref. 4) , as is the fact that the function of many membrane proteins may vary profoundly with the state of membrane lipid (see review in ref.
5). Finally, that membrane proteins can influence the structure and composition of their apolar environment is now well documented (e.g., refs. 6-9). However, the dynamics of lipidprotein interfaces in biomembranes have proven elusive to date.
We have used Raman spectroscopy to explore the interfaces between hydrocarbon residues of membrane proteins and lipids. Aqueous dispersions both of biomembrane (10) (11) (12) (13) (14) (15) (16) (17) and of phospholipids (18) (19) (20) (21) (22) (23) (24) (25) yield well-resolved Raman scattering spectra, whose CH-stretching regions are prominent and undergo marked band modifications at certain, defined temperatures (13, 17, (20) (21) (22) (23) (24) . With pure lipids, the thermotropic discontinuities in Raman scattering can be identified as order >=± disorder transitions of hydrocarbon chains. This is almost certainly true also for the thermally shifted scattering steps of lecithin-melittin complexes (24) , and probably for the sharp shift in the spectra of thymocyte plasma membranes at +230 (13) as well as the two separate scattering discontinuities of erythrocyte ghosts, below 00 and at +170 (17) . It appears, however, that the protein-lipid interface might give rise to the pH-sensitive, partially reversible thermotropic transition reported by paramagnetic quenching of tryptophan fluorescence in erythrocyte membranes at high physiological temperatures (25) .
We now show how laser-Raman spectroscopy can further elucidate the responses of erythrocyte membranes to variations of temperature and pH in physiological ranges. EXPERIMENTAL We used reagents of analytical grade and solvents of spectrochemical purity. Egg lecithin and other phosphatides were purchased from Lipid Products (South Nutfield, Great Britain).
Erythrocyte ghosts were prepared (11, 17) (29) suggests that erythrocyte membrane proteins undergo a thermotropic state transition with a lower limit near 40°. In addition, proton magnetic resonance spectroscopy (30) (27) , which produce strong scattering near 2930 cm-1 (Table 1 (32) .
